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ABSTRACT 
 
This project was carried out to design and fabricate an Acoustic Emission (AE) 
sensor adapter for engine performance monitoring. Before fabrication process, a 
standard test that called Pencil Break Test must be conducted to check the suitability of 
the materials. Aluminium and Mild Steel were used as the material of the adapter. The 
source of the AE signals came from the breaking of the pencil leads (2H).  The selection 
of the type of the pencil lead is based on the ASTM D-3363 hardness rating. The source 
of the AE signal was recorded by AE sensor with the help of the AED ver2.13 software. 
RMS amplitude was chose as the parameter for experiment. The three experiments were 
conducted which is without using adapter, using aluminium adapter and using mild steel 
adapter. The data from each experiment were analyzed statistically by Microsoft Excel 
and normal distribution graph was plotted. The graphs were compared and shows that 
the different between the three experiments. Based on the result, Mild Steel adapter give 
best result compare to Aliminium adapter. 
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ABSTRAK 
 
Projek ini dijalankan bagi mereka bentuk  dan membina satu penyesuai sensor 
“Acoustic Emission (AE)” untuk pemantauan prestasi enjin. Sebelum proses 
pembinaan, satu ujian standard yang dipanggil “Pencil Break Test” hendaklah 
dikendalikan dengan tujuan memeriksa kesesuaian bahan-bahan itu. Aluminium dan 
keluli lembut telah digunakan sebagai bahan penyesuai. Sumber isyarat-isyarat AE 
datang daripada pematahan  mata  pensel (2H). Pemilihan jenis mata pensel itu adalah 
berdasarkan piawai kekerasan ASTM D-3363. Sumber isyarat AE telah dicatatkan oleh 
sensor AE dengan bantuan perisian AED ver2.13. Amplitud RMS dipilih sebagai 
parameter untuk eksperimen. Tiga eksperimen telah dijalankan iaitu tanpa 
menggunakan penyesuai, menggunakan penyesuai aluminium dan menggunakan 
penyesuai keluli lembut. Data daripada setiap eksperimen telah dianalisis secara statistik 
oleh Microsoft Excel dan graf taburan normal telah diplot. Graf-graf itu telah 
dibandingkan dan ia menunjukkan perberbezaan di antara ketiga-tiga eksperimen. 
Berdasarkan keputusan, penyesuai keluli lembut memberi keputusan yang lebih baik 
daripada penyesuai aluminium. 
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CHAPTER 1 
 
INTRODUCTION 
 
1.0 INTRODUCTION 
Before this, analysis technique had been used by require the sacrifice of the physical 
system. This method is hard to use because we must to take out each parts and test it. It 
takes a lot of time to test every single of parts. But, after the improvement of technology 
there are methods do not require the sacrifice of the system. These methods are called non 
destructive method. 
 Non-destructive testing (NDT) is an analysis technique used in scientific fields to 
determine the state or function of a system by comparing a known input with a measured 
output, without the use of invasive approaches like disassembly or failure testing. Because 
NDT does not require the disabling or sacrifice of the system of interest, it is a highly-
valuable technique that saves both money and time in product evaluation, troubleshooting, 
and research. Common NDT methods include acoustic testing, liquid penetrant testing, and 
radiographic testing. NDT can be used with any isolated input / output system, and is a 
commonly-used tool in forensic engineering, mechanical engineering, electrical 
engineering, civil engineering, systems engineering, and medicine.  
NDT involves comparing a known input to a measured output and comparing to a 
known model - does not require the sacrifice of the physical system, as would be the case 
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with disassembly, dissection, or failure testing. Such methods are known as Non-
Destructive Testing techniques. Because the physical system does not need to be sacrificed 
or damaged for NDT tests, such techniques are valued for saving time and money. On the 
other hand, NDT methods do not always reveal hidden defects, and skill is usually needed 
in interpreting the results. Such NDT methods are important in litigation because the 
material evidence is preserved intact. 
NDT methods usually rely on use of electromagnetic radiation to examine samples. 
Initially, this includes most kinds of microscopy to examine external surfaces in detail. The 
examination is often reasonably obvious especially when different light sources are used. 
Thus glancing light on a fracture surface will reveal details not immediately obvious to 
sight. The inner parts of a product can be examined using other kinds of radiation which 
can penetrate the material, such as X-rays or ultrasound. Contrast between a defect and the 
bulk is always an important consideration, and may be enhanced by using liquids for 
example to penetrate fatigue cracks, provided that the liquid has absolutely no effect on the 
sample being examined. 
One of the examples of non-destructive test is acoustic emission (AE). Although 
this method is not popular than ultrasonic method, this method is fast growing method. 
Application this technique in conditioning monitoring of rotating parts has been growing 
over recent years. This is particularly true for bearing defects diagnosis. There are some 
problem using Acoustic Emission (AE) technique such as the sensitivity of the sensor and 
the location of the sensor to put. 
(Source: http://www.ndt.net/article/v07n09/05/05.htm) 
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1.1 OBJECTIVES 
For this project, there are two main objectives are listed: 
1.1.1 To design and fabricate an adapter for Acoustic Emission (AE) sensor. 
1.1.2 To calibrate the adapter by using Pencil Break Test. 
1.2 SCOPE OF THE PROJECT 
Scope of the project is important to make sure that the research is done towards the 
right direction and also to prevent from misunderstand about the project objectives. For this 
project, the research will use the acoustic emission sensor as the main apparatus. The 
material that use for fabricate the adapter are aluminum and mild steel. To check the 
suitability of the material used, pencil break test will be conduct. Data from the test will be 
analyzed to choose the material that can use as the adapter for the sensor. This test only 
focus on the type of the material, not include the factor such as the length, diameter and 
other that can affect the result of the experiment. 
1.3 PROBLEM STATEMENT 
Automotive sector is one of the important sectors in the world. Almost all the 
country in the world has their own automotive sector. This sector has provided a very large 
income to the country. This sector is not only manufactured product, but it is also 
responsible to do research and develop product that give benefit to the user. 
Automobile or cars are one of the product that manufactured by automotive sector. 
At this time, there are a lot of types of cars such as sedan, 4WD, minivan, trucks or sport 
car. All of these types of cars are manufactured by different company such as, PROTON, 
TOYOTA, PERODUA, NISSAN, MERCEDEZ, VOLVO, and others. All of these cars has 
their own characteristics and advantages. But using car, users had to face a lot of risk 
especially car maintenance that spend a lot of money and time. Car maintenance are very 
important to avoid accident or to avoid they become worst. 
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In a car, there are a lot of parts and components that need to be taking care of. These 
parts can be damage and influence the performance of the car if we did not take it seriously. 
For the each part, there are defects that occur and every defect is hard to detect because 
commonly it occur at small parts. These parts play important role to the car, so it is 
important to us to detect these defects before it’s become worst. 
But, the location of the small part such as bearing, gear, piston ring and other parts 
in the engine are complex. Sometimes, it is hard to implement the sensor to these parts 
because of the location. As alternative way, an adapter is introducing to solve this problem. 
To fabricate the adapter, it must undergo some tests to see if the material that has been used 
is suitable for the sensor. One of the tests is known as pencil break test.  
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CHAPTER 2 
 
LITERATURE REVIEW 
 
2.1 INTRODUCTION 
This chapter will briefly explain about the materials that has been used to fabricate 
the adapter that is Aluminium and Steel, acoustic emission (AE) signals, and related 
journals that have been done by the researcher that related to this technique as an example 
of the application of this technique. 
2.2 ALUMINIUM 
Aluminium or aluminum is the most abundant metal in the earth’s crust and the 
third most abundant element therein after oxygen and silicon. It makes up about 8% by 
weight of the earth’s solid surface. In the Periodic Table, aluminum is on e of the member 
of the boron group. It has the symbol AL and its atomic number is 13. It is not soluble in 
the water under normal circumstances. 
2.2.1 CHARACTERISTIC OF ALUMINIUM 
Aluminium is a soft, durable, lightweight, malleable metal with appearance ranging 
from silvery to dull grey, depending on the surface roughness. Aluminium is nonmagnetic 
and nonsparking. It is also insoluble in alcohol, though it can be soluble in water in certain 
forms. The yield strength of pure aluminium is 7–11 MPa, while aluminium alloys have 
6 
 
yield strengths ranging from 200 MPa to 600 MPa (Polmear, I. J, 1995). Aluminium has 
about one-third the density and stiffness of steel. It is ductile, and easily machined, cast, 
drawn and extruded . 
Corrosion resistance can be excellent due to a thin surface layer of aluminium oxide 
that forms when the metal is exposed to air, effectively preventing further oxidation. The 
strongest aluminium alloys are less corrosion resistant due to galvanic reactions with 
alloyed copper (Polmear, I. J, 1995). This corrosion resistance is also often greatly reduced 
when many aqueous salts are present, particularly in the presence of dissimilar metals. 
Aluminium is a good thermal and electrical conductor, by weight better than 
copper. Aluminium is capable of being a superconductor, with a superconducting critical 
temperature of 1.2 Kelvin and a critical magnetic field of about 100 gauss (John F. 
Cochran, 1958).  
2.2.2 APPLICATION 
Aluminium is the most widely used non-ferrous metal (Encyclopedia Britannica). 
Global production of aluminium in 2005 was 31.9 million tonnes. It exceeded that of any 
other metal except iron (837.5 million tonnes) (L E Hetherington, 2007). Relatively pure 
aluminium is encountered only when corrosion resistance and/or workability is more 
important than strength or hardness. A thin layer of aluminium can be deposited onto a flat 
surface by physical vapour deposition or (very infrequently) chemical vapour deposition or 
other chemical means to form optical coatings and mirrors. When so deposited, a fresh, 
pure aluminium film serves as a good reflector (approximately 92%) of visible light and an 
excellent reflector (as much as 98%) of medium and far infrared radiation. 
Pure aluminium has a low tensile strength, but when combined with thermo-
mechanical processing, aluminium alloys display a marked improvement in mechanical 
properties, especially when tempered. Aluminium alloys form vital components of aircraft 
and rockets as a result of their high strength-to-weight ratio. Aluminium readily forms 
alloys with many elements such as copper, zinc, magnesium, manganese and silicon. 
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Today, almost all bulk metal materials that are referred to loosely as "aluminium," are 
actually alloys. For example, the common aluminium foils are alloys of 92% to 99% 
aluminium (L. S. Millberg, 2007).  
Some of the many uses for aluminium metal are use in transportation such as 
automobiles, aircraft, trucks, railway cars, marine vessels, and bicycles as sheet, tube, 
castings.  In the packaging such as cans and foil. In the construction aluminium use as 
windows, doors, siding, and building wire. 
A wide range of household items, from cooking utensils to baseball bats, watches. 
Street lighting poles, sailing ship masts, and walking poles. In electronic industries, 
aluminium was used as outer shells of consumer electronics, also cases for equipment such 
as photographic equipment. Electrical transmission lines for power distribution. Super 
purity aluminium (SPA, 99.980% to 99.999% Al), used in electronics and CDs. Heat sinks 
for electronic appliances such as transistors and CPUs. 
2.3 STEEL 
Steels are usually defined as alloys of iron and carbon. It’s containing not more than 
2% carbon, with or without other alloying elements. Steels become second group of 
structural materials in the iron base. They have obtained an exclusive importance because 
of their strength, viscosity, and their ability to withstand dynamic loads. They also 
beneficial for producing castings, forgings, stamping, rolling, welding, machining, and heat 
treatment works. Steels change their properties over a wide range depending on their 
composition, heat treatment and machining. 
2.3.1 TYPE OF STEELS 
In this subchapter, type of steel that have been used in the industries will be explain. 
2.3.1.1 Carbon steels 
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Steels containing only carbon as the specific alloying element are known as 
carbon steels. These steels can also contain up to 1.2% manganese and 0.4% silicon. 
Residual elements such as nickel, chromium, aluminium, molybdenum and copper, 
which are unavoidably retained from raw materials, may be present in small 
quantities, in addition to ‘impurities’ such as phosphorous and sulphur. 
2.3.1.2 Mild Steel, Normal Strength or Ordinary Weldable Steel 
These trade terms are often used interchangeably to describe standard carbon 
steels used for structural purposes, a typical example being AS3679 grade 250 or 
grade 300. 
The term ‘mild steel’ is also applied commercially to carbon steels not 
covered by standard specifications. Carbon content of this steel may vary from quite 
low levels up to approximately 0.3%. Generally, commercial ‘mild steer’ can be 
expected to be readily weldable and have reasonable cold bending properties but to 
specify ‘mild steel’ is technically inappropriate and should not be used as a term in 
engineering. 
2.3.1.3 Carbon-Manganese Steels 
The manganese content in carbon steels is often increased for the purpose of 
increasing depth of hardening and improving strength and toughness. Carbon steels 
containing over 1.2% up to approximately 1.8% manganese are referred to as 
carbon-manganese steels. Typical examples of this type of steel are AS3679 grade 
300 and AS1442/1320. 
2.3.1.4 Alloy Steels 
Alloy or alloyed steels are defined by the ISO specification 4948/1 in the 
following manner. Alloy steels are those containing any element listed below in a 
quantity equal to or greater than the quantity for that listed element. 
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Al 0.10%, B 0.008%, Bi 0.10%, Cr 0.30%, Co 0.10%, Cu 0.40%, Mn 
1.65%, Mo 0.06%, Pb 0.40%, Se 0.10%, Si 0.50%, Te 0.10%, Ti 0.05%, W 0.10%, 
V 0.10%, Zr 0.05%, Lanthanides (each) 0.05%, other specified elements (except C, 
S, P, N) 0.05%. 
2.3.1.5 Low Alloy Steels 
Various attempts have been made to distinguish ‘low’ and ‘high’ alloy 
steels, but the definitions vary between countries and between standard-setting 
organisations. As a general indication, low alloy steel can be regarded as alloy steels 
(by the ISO definition) containing between 1% and less than 5% of elements 
deliberately added for the purpose of modifying properties. 
2.3.1.6 Micro-Alloyed Steels 
A micro-alloyed steel can be defined as a carbon-manganese steel containing 
deliberately added alloying elements totalling only 0.05 to 0.10%. Alloying 
elements which are effective in modifying steel properties when present in such 
small amounts include boron, vanadium and niobium and boron in even lesser 
amounts (0.005% /0.003%). 
Micro-alloyed steels are manufactured in large tonnages for high pressure 
pipelines in the petroleum industry and automotive forgings. 
A major advantage of these steels is that in the case of forgings, careful 
control of forge processing temperatures can eliminate subsequent heat treatment. 
This is a major cost advantage particularly with certain automotive components. 
Mechanical properties developed by controlled hot working conditions are similar 
to those developed by conventional hardening and tempering treatments for 
components where strength and toughness are required. 
 (Source: IMMA Handbook of Engineering Materials, 5th Edition) 
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2.4 ACOUSTIC EMISSION (AE) 
Acoustic Emission (AE) is a naturally occurring phenomenon whereby external 
stimuli, such as mechanical loading, generate sources of elastic waves. AE occurs when a 
small surface displacement of a material is produced. This occurs due to stress waves 
generated when there is a rapid release of energy in a material, or on its surface. This 
technique is one of the non destructive testing (NDT) techniques. 
Acoustic emissions can be detected in frequency ranges of 20 kHz to 1 MHz, and 
have been reported at frequencies up to 100 MHz. The rapid stress-releasing events 
generate a spectrum of stress waves starting at 0 Hz and typically falling off at several 
MHz. It can give an immediate indication of the response and behavior of materials. AE is 
related to an irreversible release of energy, and can be generated from sources not involving 
material failure including friction, cavitations and impact. Additionally, events can also 
come quite rapidly when materials begin to fail, in which case AE activity rates are studied 
as opposed to individual events. AE events that are commonly studied among material 
failure processes include the extension of a fatigue crack, or fiber breakage in a composite 
material. This technique also used for monitoring chemicals reaction including corrosion 
process and transformation of materials. 
The technology of acoustic emission (AE) traditionally had its beginning in 1950 
with the work of Joseph Kaiser. During the 1950s and '60s researchers delved into the 
fundamentals of acoustic emission, developed instrumentation specifically for Acoustic 
Emission, and characterized the Acoustic Emission behavior of many materials. Acoustic 
Emission was starting to be recognized for its unique capabilities as a nondestructive test 
(NDT) method for monitoring dynamic processes. In the decade of the 1970s research 
activities became more coordinated and directed with the formation of the working groups, 
and its use as an NDT method continued to increase for industrial applications. In the 1980s 
the computer became a basic component for both instrumentation and data analysis, and 
today it has sparked a resurgence of opportunities for research and development (Muravin, 
2007). 
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Today, waveform-based Acoustic Emission analysis has become commonplace and 
there is a shift in AE activities with more emphasis on applications than on research. From 
the beginning, the developing field of acoustic emission has been nurtured by a plethora of 
dedicated savants with a diverse range of scientific and engineering disciplines, who have 
contributed in a collective way to bring Acoustic Emission to a mature, fully developed 
technology and to leave a legacy of knowledge recorded in its literature. Acoustic Emission 
literature has been a key indicator of the amount of activity, the proportion of research to 
application, the emphasis on what was of current interest, and the direction Acoustic 
Emission has taken. 
The intensity of acoustic emission vibration or acoustic emission activity depends 
on the type and properties of the materials. This figure will explain about Acoustic 
Emission technique: 
 
Figure 2.1: Propagation of sound 
(Source: http://www.ndt.net/article/v07n09/05/05.htm) 
From this figure we can see that, Acoustic Emission move as a stress wave through 
a medium. The medium can be any types of material, but for this project, the medium is 
bearing. The Acoustic Emission sensor is very sensitive which can detect any source 
